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tha oparator cylindar and piaton hava a 
closing sida 14 and an opaning sida 16 and 
wharain tha closing sida has a graatar 
afl actrva surf aca araa than tha opaning 
sida. Tha sysiam indudas a sansing 
maana 35 for dropping prassura of flow 
diracttd to tha dosing sida ralatrvary w*h 
incraasas in tha flow vabctty of tha fluid 
flow. A fluid raturn systam 20 is indudad lor 
aaiacth/aiy directing tha fluid from tha 
opaning sida of tha oparator piaton to tha 
closing aida of tha oparator piston whan tha 
drop in prassura across tha sansing moans 
attains a magnituda abova a pradaiarminad 
valua in ordar to raduca fluid capacity 
raouiramants and aftamatfvaly to diract flow 
from tha dosing sida to a discharga point 
whan tha drop in praaaura docraaaaa batow 
tha pradatarminad vaiua. A saquanca vah/a 
60 for satectivaly initiating tha flow to tha 
sansing maana for usa In combination with 
tha sansing maana and fluid raturn systam 
is also disdosad. 
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Background of the Invention 
lo Field of the Invention 

The invention relates generally to control * valve 
systeas and & ©ore particularly 0 it concerns a control valve 
5 systes for opening and closing blowout preventers * 
2o Description of the Prior Art ■ 

Two ©ajor classes of blowout preventers ~ spherical 
and rara-typ© — are currently utilized to shut off 
uncontrolled flow of pressurized fluid in oil and gas 
10 ugIISo In operation, a spherical blowout preventer uses a 
working fluid which is injected on the closing side of a 
built-in piston to force the piston against a deferrable 
closure elea@nt P thereby expanding the element into the flow 
path of the line fluid to cut off flow 0 The raa«type 
15 blowout preventer includes a hydraulic cylinder having a rod 
attached to Its piston and a ra© connected to the rod whioh_ 
acts as th® closure element to close the passage of 
pressurised fluid • For simplicity 9 this application will 
focus ©n ra©~typ© blowout preventers o It should be apparent 
20 to those skilled in the art, however „ that this discussion 
could equally apply to spherical blowout preventers In Its 
advantageous features „ 

Operator cylinders having a closed cylinder with a 
piston slidably ©ounfeed therein, and a rod secured to th® 
25 piston and ©^tending out of one end of the cylinder „ have 
long bQQn ^sfeillSQd as operators for blowout preventers . 
ThesQ typos of provontors ©ay be characterised as having a 
blind sldQ ©f fehQ piston and a rod side of the piston as 
designafeod by thQ location of the rodo 
3@ Typically,, such an operator cylinder functions by 

injecting fluid into the cylinder on the blind side in order 
to ©ov© the rod to an ©xtondod position such that the rod 
©oves thQ blowout preventer closure ©eans to close off flow 
fro© th© wello Buring the ©oveiaent of the piston and rod, 
35 fluid contained on the rod side is discharged to a 
reservoir 0 

This filling of one side with new fluid and emptying 
the second side of old fluid demands great Volumes of fluid 
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to move the piston and rod from a fully opened position to a 
fully closed position . Horsepower requirements to close the 
piston are also significant due to the volumetric 
relationship between flow through the pump and the pressure 
5 of the lines. That is, the greater the volume of flow at a 
given pressure, the greater the installed horsepower 
requirements. 

Many attempts have been made to reduce the horsepower 
and fluid requirements of an operator cylinder. In U.S. 

10 Patent No. 3 , 360 , 807 to Lucky , a valve apparatus is provided 
which utilizes the downhole pressure of the line fluid 
created by the blowout to aid in closing the blowout 
preventer. The use of line fluid, however, can increase 
both corrosion and contamination of the valve parts, thereby 

15 shortening the useful life of the valve. 

In U.S. Patent Mo. 3,399,957 to O'Neil, a system is 
shown in Fig. 18 comprising an accumulator cylinder utilized ~ 
in conjunction with a pump means. The pump means is 
continuously operated to effectively raise the piston and 

20 pressurize the accumulator cylinder. The system, however, 
allows the use of a lower horsepower input pump rather than 
minimizing overall horsepower requirements and fluid 
requirements. As in many of the other prior art devices, 
fluid expelled from the pistons during the lowering motion 

25 of the pistons is discharged to a reservoir each time the 
pistons are lowered. 

Other attempts are believed to have been made to reduce 
the overall horsepower requirements, but these are believed 
to have Involved costly modifications to the blowout 

30 preventer struoture. 

Hence, to provide an improved control valve system, it 
is desirable to provide a system requiring less horsepower 
to operate the system, while also decreasing hydraulic fluid 
requirements of the system. 



• 
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Suamary of the Invention 
The present lament ion overeoaes the 
disadvantages through a control valve syste© for blowout 
preventers whiete) includes a sensing ©eans fop dropping 
S pressure relative to increases in the flow velocity of fluid 
to the blind side Chereinaf ter sosaetisies referred to 
generieally as the closing side) of the piston and a fluid 
return systeo for ©onitering the drop In pressure in order 
to selectively direct fluid fro© the rod (hereinafter 

ig so©eti©QS referred to generieally as the opening side) of 
the operator cylinder to the blind side of the operator 
cylinder o It should be understood that the control valve 
system is equally applicable to spherical blowout preventers 
wherein the closing side of the piston in the spherical 

IS blowout preventer corresponds to the blind side of the 

operator piston of a ra©~type preventer and the opening side 
corresponds to the rod side and wherein the effective 
surface area of the closing side is greater than the 
effective surface area of the opening side<, As stated 

20 above, however, for simplicity, the invention will be 
described in derail for a ra©-type blowout preventer The 
fceras, operator cylinder and operator piston will be 
utilised 9 ttoough, to designate the generic concept of both a 
ra©-typ© prevQnter and a spherical blowout preventer 0 

2 § accordingly the present invention overcomes the prior 

art disadvantages through a control valve systee for 
operator ©ylindors having an operator piston ©saber slidably 
©ousted tfaQFotao ThQ cylinder has an opening side 
corresponding to the end of the cylinder in which fluid 

3@ enters who© opening the blowout preventer and a closing side 
corresponding to the side in which fluid enters to close the 
blowout prQventero The control valve system includes a 
sensing ©eans for dropping the pressurQ of fluid directed 
through it to the closing side relatively with increases in 

35 flow velocity and a fluid return syste© for selectively 
directing fluid fro© the opening side of the operator 
cylinder to the closing side of the operator cylinder when 
the drop in pressure across the sensing* aeans attains a 
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magnitude above a predetermined value* This transfer of 
fluid £ro© the opening aide to the closing side reduces 
fluid capacity requirements and installed horsepower 
requirements by reducing the voluae of fluid which ©ust pass 
5 through the puap to close the blowout preventer <, 

In the preferred GBbodiaantj) the sensing ©eans 
typically includes a flow daapener, but it will be 
understood that other pressure varying 5 velocity dependent 
devices ©ay be utilised in accordance with the present 

10 invention 

In the preferred embodiment, the fluid return syste© 
also includes a directional flow control ayste© for 
selectively directing flow fro© the opening side of the 
operator piston alternatively to either the closing side of 

IS the operator piston when the drop of pressure across the 
sensing ©eans is above the selected value or to a discharge 
point when the drop is below the selected value • • &r 
switching syste© is in oogasaunication with the directional 
flow control system and the sensing ©eans for carrying the 

20 alternative flow paths of the directional flow control 
syste© for predetermined pressure values • 

In a ©or© detailed aspect of the preferred e©bodisent p 
the sensing ©eans has a high side which communicates with a 
pressurised fluid source and a low side which communicates 

25 with the closing side of the operator cylinder «. The 
directional flow c@ntr@l system then cc©prises a control 
cylinder including a control piston slidably counted 
therein ThQ ©ontrol cylinder has a retracting end which 
coaaraioates w&th thQ pressurised fluid source 9 and a return 

30 whicfe ©©Eradicates with a discharge point (typically a 

tank or reservoir) « The control cylinder further 
co®©unicatQs at a $@int along its length with the opening 
side of thQ @perat@F cylinder so that ©ove©ent of the 
control piston between the return end and the retracting end 

35 of the control cylinder places the opening side of the 
operator cylinder in co@Eiunic&tion with either the closing 
side of the operator cylinder ^ia the sensing ©eans or with 
the discharge point . 



The directional flow control systea of this aspect of 
the preferred e^bodifcent further includes a switching 
aeobanin ' for selectively moving the control pistono The 
switching ©echanis© ©ay comprise a switching cylinder 
including a switching cylinder piston slidably counted 
therein A rod is fe&Qfii dispose^ in ooeDunioation with the 
switching cylinder piston and the control piston such that 
the sQleotive ©@ve©ent of the switching cylinder piston 
selectively displaces the switching rod, thereby displacing 
the control piston fro® one end of the control cylinder to 
the other o 

• Xn this aspect of the indention,, the pressure 
differential across the sensing ©eans is ©onitored with 
relation to the surface areas of the control piston and the 
switching cylinder piston 0 That is, the pressure is 
aeasured as a function of force on each piston as defined by 
the respective effective surface areas of the pistons 
wherein fete© pressure on the low side of the sensing ©eans is 
directed to the switching cylinder while the high side 
pressure is applied to the control pistono Hence, by 
regulating the "difference in surface areas between the 
switching cylinder piston and the control piston, the 
movement of the switching cylinder piston say be controlled 
for give© pressurG drops across the sensing ©e&nso In this 
sanner, the switching cylinder piston operates to 
selectively displace the control piston to the desired sode<> 
Xa a taoro dota&led aspect of the invention, the control 
valve system iraoludes a sequence valve in coaaunication with 
the @©ntr@l @ylin<aor for selectively directing pressurised 
fluid to ©pen %ho operator cylinder or to close tho operator 
cylinder ■ Tho sequence valve ©ay comprise a means for 
monitoring pressure input fro© a first variable pressurised 
fluid source and a Beans for selectively directing fluid 
flow fro© the first fluid source to a saeaas for channeling 
fluid fro© a second fluid source to open or close the 
actuating cylinder • 

The instant invention also provides a aethod of 
decreasing fluid capacity requirements* and horsepower 
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requirements for operator cylinders. The steps included in 
this method may include, first, injecting the fluid into the 
opening side of the operator cylinder in order to move the 
operator piston to an open position* Fluid is then 
5 selectively injected under pressure through the sensing 
means to the dosing side of the operator piston in order to 
initiate movement of the operator piston to close the 
blowout preventer and in close to create a drop in pressure 
aoross the sensing means* When the magnitude of the drop in 

10 pressure is above a predetermined value, fluid is forced 
from the opening side of the operator piston to the closing 
side of the operator piston in order to conserve fluid. 
Once the magnitude of the drop in pressure across the 
sensing means drops below the predetermined value, the fluid 

15 forced from the opening side of the operator piston is then 
redirected to a reservoir. 

Accordingly, the present invention overcomes the- 
previously discussed problems of excessive fluid 
requirements and excessive installed horsepower requirements 

20 through a valve system which monitors the drop in pressure 
aoross a sensing means, in order to utilize the fluid 
contained in the operator cylinder on the opening side of 
the piston to fill the cylinder on a closing side of the 
piston. 
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Brlef Description of the Drawings 
This invention will further be illustrated by reference 
to the appended drawings which illustrate particular 
embodiments of the control valve system in accordance with 
5 this invention* 

Fig. 1 is a schematic, cross-sectional view of the 
control valve system for operator cylinders. 

Fig. 2 is a schematic view of the system in Fig. 1 in 
the closing mode for fast motion and low force. 
10 Fig. 3 is a schematic of the system of Fig. 1 in the 

closing mode once the pressure drop across the sensing means 
has decreased below the predetermined value. 

Fig. 4 is a schematic view of the control valve system 
of Fig. 1 in the opening mode wherein the operator piston is 
15 returned to a fully opened position. 



Description of the Preferred Babodimenta 
This invention relates to an operator cylinder control 
valve syste© particularly suited for use with blowout 
preventers <> While the description below will focus on a 
©eeh&nieal control valve system for a ra©«type blowout 
preventer it will be understood that the present invention 
is also applicable to spherical blowout preventers and to 
system© including electromechanical switching sechaniseso 

Heferring to Figo l p the blowout preventer syste© 10 is 
represented by an operator cylinder 11 having an operator 
piston 12 to which is secured a rod 13 • The operator piston 
12 and operator cylinder 11 have a closing side 1*5 opposing 
the side on which the rod 13 is connected and an opening 
side 16 corresponding to the side of the operator piston 12 
to which the rod 13 is connected <> The operator cylinder 11 
further co©©unieates on the closing side 1*& with a closing 
side line 1? and on the opening side 16 with an opening sid^ 
line 18. 

The control valvQ syste© 20 is generally represented by 
a fluid eeonoEi&er valve 30 which is in cosssuni cation with 
the sequence varve 60 such that a signal fro© the sequence 
valve 60 commences the operation of the fluid econoaiser 
valve 30 o In the preferred e©bodiaent 9 the communication 
between the fluid econoaiser valve 30 and the sequence valve 
60 is provided by a closing mode line 32 and an opening ©ode 
line 3* o 

The sequence valve 60 is D in tura 0 in coia&unieation 
with a variable pressurized fluid source 21 p a constant 
pressurised fltsid source 22 and a reservoir^ or tank 23 P 
which acts as a discharge point for the fluid of the 
system In the preferred esabodiaent D the pressure sources 
21 and 22 ©ay comprise fluid puops and pressure regulators 
together with one or ©ore accumulators a Other suitable 
pressure supply ®eans P however p aay be utilized in 
accordance with this invention*. In turn, reservoir 23 may 
be the fluid tank utilised in conjunction with the pressure 
purap or any other suitable tank for storing or recycling the 
working fluid • 
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The fluid economizer valve 30 comprises a sensing aeans 
35 in eo©©unication with the closing sede line 32 0 a control 
cylinder 40 0 and a switching cylinder 50 o 

The seasing ©eans 35 say comprise any suitable 
5 structure which creates a drop in pressure dependant upon 
t&e velocity of Ifto through it, such that at low velocities 
the drop in pressure approaches sero and at high velocities 
the drop inoreasos to a preselected grange o In the preferred 
e©bodi©ent D the sensing saeans 35 comprises a flow diaphrag© 

1§ 3!S which creates a drop in pressure of approximately thirty 
psi at ©asias velocity,. Other suitable sensing ©eans or 
diaphragBSp however 5 creating different B&ssisausa drops in 
pressure ©ay he utilised in accordance with this invention*, 
The sensing raeans or 5 in the preferred eabodiaent 9 flow 

15 diaphragm 35 further has a high side 36 and a low side 37 o 
The diaphragm 35 o©©©unieates on the high side 36 directly 
with the control cylinder 40 and with flow fro© the opening 
side line IS vi© the control cylinder 40 and closing side 
line ITlHIo The diaphrag© 35 further eo^Bunieates on the low 

20 side 37 with the closing side line 17L and with a pressure 
monitor line 3©o w 

The control cylinder 40 serves to selectively route 
flow fro© thQ opening side IS of the operator cylinder 11 t© 
the closing sUdQ l§ of the operator cylinder 11 <> In the 

25 preferred e©h@di©ent 0 the control cylinder 40 has a 
retracting end §1 adjacent the flow da®pener 35 and a return 
end 42 at thQ opposing erado The control cylinder 40 further 
has two cylindrical subparts, a feed cylinder 43 located 
adjacent to the retracting end 41 and a bypass cylinder 3)4 

3@ of larger diameter than the feed cylinder located adjacent 
the return end 42o The feed cylinder and bypass cylinder 
are concentrically aligned and have constant diameters of 
different ©agnitade respectively o 

The feed cylinder ^3 and bypass cylinder 44 eosaunioate 

35 with each other such that they for© a perpendicular annular 
face 45 which comprises a thin annular ring of width equal 
to the difference betweon the two diameters □ The feed 
cylinder 43 further has an input aperture 46, to which 
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closing aode line 32 is connected and a diaphraga aperture 
47 located in the retracting end ftl and communicating with 
closing sid© line 17Ho 

Tho bypass cylinder has a drain aperture *J8 in 
5 communication with opening mode line and a aid-aperture 

*39 located along its length and in ooasunieation with 
opening side line 18 0 

ThQ bypass cylinder further comprises a control 

piston ^0a slidably ©ounted therein. The piston **0a has a 

10 width such that its ©ovesent between the annular face *95 
near the retracting end 41 and the return end *52 directs 
flow fro© the opening side line IS either to the drain 
aperture $B or to the diaphrag© aperture *57o 

The piston *10a further has an outer diameter slightly 

15 less than the inner diameter of the bypass cylinder such 
that the control piston 2J0& snugly fits bypass cylinder M 
and precludes op ©inisises flow around the piston *}0ar 
Additionally^ the side of control piston *JOa nearest the 
retracting end 4>H further has a face parallel to the annular 

20 shoulder such that ©ove^ent of the piston *J0a toward the 
return end brings the piston *50& into substantially flush 
contact with the annular shoulder 45* In this smnner, the 
annular shoulder 15 reduces the effective surface area of 
th© piston tyOa subject to fluid pressure and acts as a 

25 detent for the piston *JOa for pressures for which the force 
exerted osa tho poduaeofl surface area is less than the 
resistant force seen on the opposing side of the control 
piston $0a fro© pressurised flow on the other side or fro© 
the swit©hing rod 59 as described bwlowo 

3@ The switQ&aing cylinder 50 has an open end 58 adjacent 

the control cylinder $J0 and a closed @nd 53 opposing the 
open end 5®o She switching cylinder 50 is concentrically 
aligned witfc the control cylinder *i0 and has a slightly 
greater diameter than the control cylinder M0 o The 

35 switching cylinder 50 further comprises an annular shoulder 
52 having a width defined by the difference in diameters 
between the control cylinder *J0 and the switching cylinder 
50 0 wherein* the annular shoulder 52 partially closes the 



open end 5S which is connected to control cylinder MOo 

la the preferred e©bodisent p the closed end 53 of 
switching ' cylinder 50 includes a recessed portion 5*5 and a 
biasing spring 55 ©ounted thereino Th© biasing spring 55 
is e in turn 0 connected to a switching cylinder piston 56 and 
has a length and spring constant such that tho piston 56 is 
slightly biased toward the open end 58 o The closed end 53 
further has a switching aperture 57 which oossaunieates with 
fch© lot? side 37 of the diaphragm 35 by saeans of a pressure 
©onitor line 3@ in order to accomodate the monitoring of 
th© drop in pressure across the diaphr&g© 35 as described 

b©l@Wo 

The switching cylinder 50 also comprises a switching 
cylinder piston 56 which is slidably saounted within the 
switching cylinder 50 for longitudinal saovesaento The piston 
56 aay include a recessed portion on the side corresponding 
to the closed end 53 such that the biasing spring 55 extends 
into and is secured to the switching cylinder piston 56 « 
Th© switching cylinder piston 56 has an outer di&seter 
slightly less than the inner diameter of switching cylinder 
50 such that th© switching cylinder piston 56 snugly fits 
within th© switching cylinder 50 and prevents or ©inisises 
flow of fluid around the switching cylinder piston 56 • 

& switching rod 59 is located between control piston 
*80s and switching cylinder piston 56. The rod 59 has a 
length s*s©h that so^e^ent of th© control piston *50a between 
th© annular fac© «J5 and the return end 42 to permit fluid 
flow as d©©cribQd abov© is accomodated upon ssove^ent of kh© 
switching piston 56 between th© two ends of the switching 
cylinder §@o Th© rod ©ay be connected to either the control 
piston 4)©a or th© switching cylinder piston 56 v or it ©ay be 
supported between the' two via other suitable ©eans 0 The 
out©r diameter of the rod 59 is sufficiently l©ss than th© 
inner diameter of bypass cylinder M so that flow around the 
rod 59 is allowed o 

Accordingly , when the fluid economizer valve is 
utilised, flow of pressurised fluid is- first directed into 
th© opening ©od© line 3*5 thereby forcing the control piston 



*&0& to the annular face ^5 near the retracting end Ml which 
In turn directs flow through the opening side line 18 into 
the opening side 16 of the operator cylinder 11 as shown in 
Fig* He This positions the operator piston 12 in the fully 
open position with the piston 12 residing near the closed 
end of the actuating cylinder 11 0 

Referring to Figs* 1 and 2 D when it is desired to close 
the blowout preventer, flow is directed into the closing 
raode line 32 and into the feed cylinder *53 of the control 
©ylinder §Qo The pressurised flow, in turn, forces the 
control piston MOa and the switching cylinder piston 56 
toward their return end *2 and closed end 53 respectively <> 
The flow continues fro© the feed cylinder *83 through the 
diaphrag© aperture *97 0 the closing side line 17H, the 
diaphrag© 35 D and through the closing side line 17L into the 
closing side 1< of the operator cylinder 11 • Flow through 
the diaphragm 35 also continues fros the low side 37 through 
the pressure ©onitor line 3® wherein it travels to the 
switching cylinder 50 » Fluid also tends to travel through 
the bypass cylinder 44 to the opening side 16 of the 
operator 11 once" the control piston 40a has ©oved toward the 
return end 42 <> 

St should be noticed that the pressure seen by the 
switching cylinder piston 56 will be less than the pressure 
on the control cylinder . 40a due to the drop in pressure 
aoross tho diaphragm 35o Accordingly, the difference 
. between tho staFfaeo area of the switching cylinder piston 45 
SQQB3 by pressurisod fluid on low side 37 ®? the diaphraga 35 
and the surfao© aroa of the control cylinder 40a piston seen 
by the pressurised fluid* on the high side 36 of the 
diaphragB 35 should be suoh that the difference in pressure 
for high velocity flow is great enough to initially preclude 
©oveeent of the switching cylinder piston 56 toward the open 
end 58 of the switching cylinder 50o 

Also, because of the operator piston rod 13 9 the force 
exerted against the operator piston 12 on the opening side 
16 will be less than the force exerted fros the blosing side 
14 if equal pressure is seen on both sides . Because of the 
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drop in pressure across the diaphragm 35 <> however, it is 
isport&at to select a diaphragm or other sousing sieaas 
causing a sa&ll enough pressure drop such that th© drop in 
pressure will not cause the force on the operator piston 112 
5 on the closing side 1*S to.be less than that exerted on the 
opening side 16 0 As - stated above, the selected vaiu© for 
the drop in pressure at th© outset is typically thirty 
pounds in th© preferred esabodiaento As will be understood 
by those skilled in the art, however, the selected value or 
10 range of values is critical only to the extent that a 
sensing ©eaas creating a drop in pressure within a range 
permitting ©ovesaent of the operator cylinder to close taust 
be utilisedo 

Given the proper drop in pressure across the diaphrag© 

15 35 o operator piston 12 will then aove fro© the closing side 
to the opening side 16 of the operator cylinder 11 thereby 
forcing fluid contained within the operator cylinder 11 on 
the opening side 16 t® be expelled through opening line 18 
through the bypass cylinder W p through the feed cylinder *93 

20 and ultimately back into the closing side 1*1 of the operator 
cylinder 11 • SsTthis manner, the capacity of fluid required 
to close the actuating cylinder 11 is decreased*, 

As th© operate cylinder 12 approaches the opening side 
IS of the operator cylinder 11, th© resistance on the 

25 operator rod 13 increases 9 thereby slowing the rate of 
closing and th© rate at which fluid flows into the operator 
cylinder 11 So ^ho velocity of flow through the diaphrag© 35 
therefore dGOSPQOses 0 lessening the drop in pressure aoross 
the diaphragB 3%o deferring to Figo 3 0 the decrease in the 

3© drop in pressur© across the diaphrag© 35 increases the 
pressur© on th© switching piston 56 relative to that on the 
control piston §0a such that the force on switching piston 
56 exoQQds th© for@© on oontrol piston *J0a<> Th© switching 
piston 56 therefor© aoves fro© the closed end 53 to the 

35 opened end 58 D forcing the control cylinder 40a fro© the 
return end §2 toward the retracting end §1* the soveaent of 
the two pistons redirects flow fro© the opening side 16 of 
the operator cylinder 11 through the openirfg ©ode line 3*5 to 



a discharge point <> As a result, the back pressure on the 
operator cylinder 12 is decreased, thereby allowing it to 
fully close o 

Slef erring again to Figo 1 9 the sequence valve 60 
includes a ©eans for sonitoring pressure input fro@ a first 
variable pressure fluid source 21 p a ©e&ns for selectively 
directing fluid flow fro® the first fluid source 21 to a 
saesns for ©hanseling flow fros -a se©ond pressurised fluid 
source 22 in response to the pressure input D and a means for 
selectively channeling fluid flora fro© the second 
pressurized fluid source to open or close the- operator 
cylinder 11 0 the channeling ©eans eoosunieating with the 
flow daspener 35 » the fluid return system, and the selective 
directing ©eans 0 

In the preferred e©bodiaent 0 the sequence valve 60 
includes a housing having a first pressure inlet 61 in 
cotasunicafcion with the first pressurised fluid source 21 „ £ 
second pressure inlet 62 in coHsunicntion with the second 
pressurised fluid source 22 „ a closing ©ode outlet 63 in 
eoamunio&tion with the flow daspener 35 via the closing ©ode 
line 32, an ope&itag ©©do outlet 6*5 in coseunieation with the 
control cylinder ^0 via the opening ©ode line 3*5* and a tank 
aperture &5o 

The ©e&as for selectively directing fluid flow fro© the 
first fluid source 21 porforss the function of directing the 
hydraulic signal t® a ©ode selector cylinder 90 to ©ove a 
pisfco® to thQ ©ylinder 90 to a desired ©ode for either 
opening or ©losing the operator cylinder 11 0 In the 
preferrQd es&odteQnt 0 the directing ©enns oosprises a flow 
selector oylindar 7© having & first end 71 aad & seoond end 
72 o ThQ first QBd 71 includes si ohmobor 86 in eo®®unication 
with a chamber branote line 73 which, in turn, communicates 
with the first pressurised fluid source 21. Tfoe flew 
selector cylinder 70 further eosBunieates at a point along 
its length with the first pressure inlet 61 via a pressure 
feed line 7*8. 

The flow sQlector cylinder 70 also has a tank relief 
outlet 79 positioned at the second end 72/a first pressure 



outlet 77 &nd a second pressure outlet 78 positioned along 
its length, and a pressure bypass lino 76 in eosasuaication 
with a tank relief outlet 79 . & flow selector tank line 75 
is connected in cossaunication with the tank relief outlet 79 
and a tank 23 • 

A flow selector piston" 80 is slidably raeunted la the 
flow selector, cylinder 70$, the piston 80 having a first side 
81 adjacent the first end 71 of ther flow selector cylinder 
70 and a second side 82 corresponding to the second end 72 
of the flow selector cylinder 70o The piston 80 has an 
outer configuration having outer dimensions such that it 
smugly fits the inner dimensions of the flow selector 
cylinder 70 to ©iiataige or preclude flow of fluid under 
pressure around tta® flow selector piston 80 fro© either side 
of the piston 80 • The flow selector piston 80 also has a 
first pais* of bores 83 and a second pair of bores 84 
extending therethp@ugh<> The first pair of bores 83 Ms a 
position and orientation such that ©oveaent of the flow 
selector piston SO to the first end 71 of the flow selector 
cylinder 70 aligns the first pressure outlet 77 in 
©o»unieation wfth the first pressure inlet 61 at the point 
along the length of the flow selector cylinder 70 in 
c®B©unioation with the pressure feed line 7*5 o At the sa®e 
ti@e, the pressurQ bypass 7$ is aligned in cosaaunieation 
with the second prossure outlet 780 

The aoveoeat of te&Q flow selector piston 80 to the 
second eiad 7S of the flow selector cylinder 70 aligns the 
second pair of bores 8§ such that the second pressure outlet 
78 is placed in communication with the first pressure inlet 
61 and prgssure food line 7* by one of the bores while the 
first pressure outlet 77 is placed in co©©unication with the 
pressure bypass 76 by the other bore<> 

The ©eans for monitoring pressure input fro© a first 
variable pressurised fluid source includes a ©eans for 
pressure biasing the flow selector piston 80 toward the 
first end 71 of the flow selector cylinder 70 . The means 
retains the piston in a biased position near the first end 
71 of the flow selector cylinder 70 for pressures of fluid 



fro© the first pressurised fluid source 21 below a 

predetermined value o fthen the pressure of the fluid fro© 
the first' pressurised fluid source 21 exceeds that value 9 
however, the fluid will enter the branch line 73 and the 
chamber 86 and fore© the flow selector piston 80 to the 
second end 72 thereby redirecting flow,, 

In the preferred esbodisaent 0 the aeans for pressure 
biasing the flow selector piston 80 includes a flow selector 
bias spring 85 positioned between the flow selector piston 
80 and tbo second Qnd 72 . The spring has a spring constant 
sufficient to prevent ©ovesent of the flow selector piston 
80 toward the second end for pressurised fluid flow below & 
predetermined pressure*. As will be understood 9 the exact 
value of this constant will depend upon the surface area of 
the flow selector piston 80 and upon the predetermined 
pressure value at which the piston 80 is desired to ©ove<^ 
ais@p whilQ in thQ preferred eob@di©ent 9 a biasing spring is 
utilised to monitor the pressure input, a pressure sensor 
a®d a solenoid or so&q other electrical or electromechanical 
systesa could be utilised in accordance with the present 
indention** 

the flow selector cylinder 70 therefore selectively 
directs fcho flow ©£ pressurised fluid to a channeling ©eans 
described below, with the particular direction of flow 
depending uapon the pressure of the floWo 

otanaGliiag sea^s directs flow fro© a second 
proasartsoA fluid s@«Q 22 p which in the preferred 
Q®lbodiE3Q®fe is oca accumulator cylinder D to either the closing 
side D*4 ©1? the actuating cylinder 11 via the flow dasapener 
35 or to feh© @@Q@iiag side 16 of the actuating cylinder 11 
via tho fluid rQttara system 

In thQ preferrod e©bodi©Qat D the channeling ©eans 
comprises a ©ode selQOtop cylinder 90 having a closing ond 
91 and a© opening end 93 - The eylinder 90 includes two 
aligned concentric cylindrical sections . The first 
cylindrical section 105 is disposed adjacent the closing end 
91 and includes a first reservoir chamber 107 o The second 
cylindrical section 106 is disposed adjacent the opening end 



93 and has a second reservoir chamber 108 0 The first 
reservoir chamber 107 co©©unieates with the first pressure 
outlet 77 of flow selector- cylinder 70 through a first 
aperture 92 disposed along the side of the first cylindrical 
section 105 o ?he second reservoir chamber 108 eoBiQunicates 
with the second pressure outlet 7® via line 8© through a 
second aperture 9*9 disposed prossiaate the opening end 93 • 

The second cylindrical section 106 further has located 
©long its length a pressurized source inlet 95 in 
coaaunioation with the second pressurised fluid source 22 p a 
drain inlet 95 in coiasunioation with the tank 23 0 an 
operating outlet 97 communicating with the closing ©ode 
outlet 63 of the housing D and a preparatory outlet 98 
coasunicating with the opening aod® outlet 6^o 

A ©ode selector piston 100 is slidably ©ounted in the 
second cylindrical section 106 of the ©ode selector cylinder 
§0 for longitudinal ©o^e©ent 9 the piston having a closing 
side 101 corresponding to the closing end 91 of the ©ode 
selector cylinder 9© and an opening side 102 corresponding 
to the opening end 93 * piston 100 has outer dimensions 

substantially equal to the inner dimensions of the second 
cylindrical section 106 such that flow around the piston 100 
is ©inisaised or precludedo She piston 100 has a third pair 
of bores 103 positioned such that saoveaent of the piston 100 
to the opening qsm8 93 aligns the pressurised source inlet 95 
with tho ©pQFQtio&a outlet 97 and the drain outlet 96 with 
the preparatory outlet 98 . selector piston 100 also 

i@cludes a fourth pair of bores 10* positioned such that 
BOveaoaLfe the yode selector piston 100 to the closing end 
91 of the ©ode selector cylinder 90 aligns the pressurised 
source inlet 95 with the preparatory outlet 98 and the drain 
outlet 96 with the operation- outlet 97 • 

In this ©araaePp EO^eaent of the ©ode selector piston 
100 to the opening end 93 causes the pressurised fluid 
source to e©©©u@ieate with the closing end 1*1 of the 
operator cylinder 11 via the daspener 35 and causes the 
drain aperture 48 of the control cylinder *!0 to coosaunicate 
with the tanko On the other hand, eoveaent of the ©ode 



selector pistoa 100 to the closing end 91 causes flow fro© 
the second pressurised fluid source 22 to be directed to the 
opening ®od© lisaQ 3^ to open the operator cylinder 11 and 
flow fro© the closing side of the operator cylinder 11 to be 
discharged to tanteo 

The ©ov© ©elector cylinder of the present invention ©ay 
further include a aode spring 110 contained within the 
reservoir DOT and disposed to resist ©oveseat of the piston 
100 toward the closing end 91 to bias the mode selector 
piston 100 4a & desired ©ode when there is no signal fro© 
the flow selector cylinder ?0o In the preferred eabodtoento 
the ©ode selector piston 100 includes a neutral position 111 
which blocks flow fro© the second pressurized fluid source 
22 through the. sequence valv© 60o The bias spring 110 0 in 
turn p biases the Bod© selector piston 100 in the neutral 
©ode 111 when there is no input fro© the flow selector^ 
cylinder 70* 

Aocordingly D when the sequence valve is utilised to 
©pen th© operator cylinder 11 9 fluid under pressure greater 
than the preselected value (around 3$>000 psi in the 
preferred esbodii&ent) is injected fro© the first pressurised 
fluid source 21 through the first pressure inlet 61 into the 
chamber bra@@fa lira© 73 the pressure feed line T$o The 
flow selector piston 80 is ©eved to the second end 72 of 
cylinder 70 thereby placing the second pair of bores 8M in 
alignment with kho pressure feed line ?*i and the pressure 
bypass 7&o Flow froB the first pressurised fluid source 21 
is thesa dir©otQd via the opening line 88 to th© opening end 
93 of th© sod© selector cylinder 90 • The ©ode selector 
piston 10© is therefore ©oved to align the fourth pair of 
bores 104 with th© second pressurised fluid source 22 and 
the tank 23 • Fluid is then channeled from the second 
pressurised fluid sotar^e into the opening ©ode line 3*1 &n<S 
fro© the closing ©ode line 32 to tank to open the operator 
cylinder 11 as described above* 

Once the operator cylinder 11 is opened c the flow of 
fluid fro© the first pressurised fluid source 21 is stopped 9 
thereby causing the ©ode selector piston 100 to return to 
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its biased position, the neutral aode 11 1 0 The control 
valve system should remain in this mode until the blowout 
preventer is to be actuated,, 

Uhen it is desired to close the operator cylinder,, such 
as upon th@ ©vent of a blowout, flow fro© the pressurised 
fluid source 21 at a pressure less than that necessary to 
overcome the force exerted by the bias spring 85 is directed 
into the branch line 73 and the pressure feed line 7^o 
Since the pressure and the fluid is not great enough to move 
the flow selector piston 80 p flow fro© the first pressurised 
fluid source 21 proceeds directly through thQ first pressure 
outlet 77 and on into the closing end reservoir 107* This 
flow in turn saoves the ©ode selector piston 100 to align the 
third pair of bores 103 with the pressurised source inlet 95 
and the drain outlet 96 a Flow fro© the second pressurised 
source 22 is then directed to the flow da^pener 35 via the 
closing ©ode line 32 as described above*. Additionally, the 
opening ©ode line 3^ is placed in eoasunication with the 
tank such that fluid fro© the closing side of the operator 
cylinder 11 say be drained, to tank when the pressure across- 
the daspener 35 Ss low enough as described above p 

The instant invention has been disclosed in connection 
with specific Q©b®dioGntSo However „ it will be apparent to 
those skilled in the art that variations for the illustrated 
e^bodiaent oay bo taken without departing fro© the spirit 
and scope of the invention <> For example p a pressure sensor 
could be located m tho low side of the sensing ©eans to 
sense tho prossurQ variation and a solenoid could be placed 
in o@muni©ati©n with the sensor to redirect flow fros the 
opening side of the actuating cylinder when the pressure 
drop decreases below the predetermined value « These and 
other variations including eleetroaeehanical combinations 
should now be apparent to those skilled in the art and are 
within the spirit and scope of the invention . 



What la Claimed Is: 

1. For use with blowout preventers having an operator 
piston and cylinder for opening and closing a blowout 
preventer, the piston and cylinder having a closing side and 
an opening side, the closing side having a greater effective 
surface area than the opening side, a flow pressure sensing 
control valve system comprising: 

a sensing means for dropping pressure of flow directed 
to the closing side relatively with increases in flow 
velocity; 

a fluid return system for selectively directing the 
fluid from the opening side of the operator piston to the 
closing side of the operator piston when the drop of 
pressure across the flow dampener attains a magnitude above 
a selected value in order to reduce fluid capacity 
requirements and installed horsepower requirements. 

2. The control valve system of Claim 1, wherein the 
fluid return system for selectively directing the fluid 
comprises: 

a directional flow control system for selectively 
directing flow from the opening side of the operator piston 
alternatively to the closing side of the operator piston 
when the drop in pressure across the sensing means is above 
the selected value and to a discharge point when the 
pressure drop is below the selected value j and 

a presuare switching system in communication with the 
directional flow control system for selectively varying the 
alternative flow paths of the directional - flow control 
system. 
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3. The control valve system of Claim 2, wherein the 
sensing means has a high side and a low side, the low side 
communicating with the closing side of the operator cylinder 
and the high side communicating with a pressurized fluid 
source, and wherein the directional flow control system 
comprises: 

a control cylinder having a bore with an inner 
diameter, a substantially open return end, and a 
substantially closed retracting end, the retracting end 
being in communication with the pressurized fluid source, 
and further having a retracting aperture proximate to the 
retracting end, a return aperture proximate to the return 
end, and a mid-aperture located along the length of the 
control cylinder and in communication with the opening side 
of the actuating cylinder; and 

a control piston slidably mounted in the control 
cylinder for longitudinal movement, the piston having a 
configuration which snugly fits the inner diameter of the 
control cylinder and a longitudinal width which accommodates 
the communication of fluid from the opening side of the 
operator cylinder with the closing side of the operator 
cylinder when the control piston is at the return end of the 
flow routing oylinder and wherein discharge of fluid from 
the opening side of the operator cylinder is accommodated 
when the control piston is adjacent to the retracting end* 



-23- 



ko The control valve system of Clai© 3 0 wherein the 
switching syste© comprises s 

a switching cylinder having a discharge end in 
cosaEuaicatioa with the control cylinder 9 a feedback end in 
3 communication with the low side of the sensing means p and a 
longitudinal bore of diameter slightly greater than the 
inner diaseter of the control cylinder? 

a switching cylinder piston slidably counted in the 
switching cylinder for longitudinal ©ovesaent having an 

10 effective surface area slightly greater than the effective 
surface area of the control cylinder piston such that upon 
closing of the operator cylinder, flow frora the low side of 
the sensing ©eans moves the switching cylinder piston to the 
discharge end when the pressure drop across the sensing 

15 raeans is below the selected range „ and further having a 
configuration which snugly fits the inner diaaeter of the 
bore of the switching cylinder? and 

a switching rod positioned between the switching 
cylinder piston and the control piston* the rod having outer 

20 radial dimensions smaller than the inner diameter of the 
control cylinder" and a location between the two pistons such 
that the switching rod can pass into the control cylinder to 
push fchQ control piston t® its retracted end upon @©ve@ent 
of the switching cylinder piston to its discharge end and so 

25 that the fluid ©ay pass around the switching rod through the 
control cylinder when th© control piston is adjacent the 
retracting end of th© control cylinder « 

5o The control valve syste© of Claia H 9 wherein the 
switching syste© further comprises ©eans for biasing the 
switching cylinder piston toward the discharge end 0 the 
biasing ©eans exerting a bias force on the switching 
5 cylinder pisfe@a less than the difference between the force 
on the control piston upon initial entry of pressurised 
fluid upon closing and less than the force exerted on the 
switching cylinder piston by the pressurized fluid after 
passing through the sensing ©eans while the pressure drop is 
10 above the selected value o 



6. The control valve system of Claim 5, wherein the 
switching cylinder has a recessed bore located at the feed- 
back end having an inner diameter slightly less than the 
inner diameter of the switching cylinder and wherein said 
bias means comprises a spring positioned between the switch- 
ing cylinder piston and the feedback end secured within and 
extending from the recessed bore. 

7. The control valve system of Claims 4 or 5 wherein 
the control cylinder further comprises a detent for the 
control piston in order to impede response of the control 
piston to pressure fluctuations of low magnitude when the 
control piston is adjacent to the retraotlng end. 

8. The control valve system of Claim M wherein the 
switching cylinder further comprises a detent for the 
switching cylinder piston in order to impede response of the 
switching cylinder piston to pressure fluctuations of low 
magnitude when the switching cylinder piston is positioned 
adjacent to the feedback end. 

9. The control valve system of Claim 7 wherein the 
switching cylinder further comprises a detent for the 
switching cylinder piston in order to impede response of the 
switching cylinder piston to pressure fluctuations of low 
magnitude when the switching cylinder piston is positioned 
adjacent to the feedback end. 
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10* The control valve system of Claim 7 wherein the 
control cylinder comprises a first extended portion having a 
first recessed bore extending outwardly from the retracting 
end, the first bore having an inner diameter slightly less 
than the inner diameter of the control cylinder and wherein 
the detent for the control cylinder comprises an annular 
shoulder formed between the recessed bore of the first 
extended portion and the inner wall of the control cylinder, 
the shoulder having a face which is substantially parallel 
to the control piston when the piston is positioned adjacent 
to the shoulder . 

11. The control valve system of Claim 8 wherein the 
switching cylinder comprises a second extended portion 
having a second recessed bore extending outwardly from the 
retracting end, the second bore having an inner diameter 
slightly less than the inner diameter of the switching 
cylinder and wherein the detent for the switching cylinder 
comprises an annular shoulder formed between the second 
recessed bore of second extended portion and the inner wall 
of the switching" cylinder, the shoulder having a face which 
is substantially parallel to the switching cylinder piston 
when the piston is positioned adjacent to the shoulder. 

12. The control valve system of Claim 9 wherein the 
switching cylinder comprises a second extended portion 
having a second recessed bore extending outwardly from the 
retracting end, the second bore having an inner diameter 
slightly less than the inner diameter of the switching 
cylinder and wherein the detent for the switching cylinder 
comprises an annular shoulder formed between the second 
recessed bore of second extended portion and the inner wall 
of the switching cylinder, the shoulder having a face which 
is substantially parallel to the switching cylinder piston 
when the piston is positioned adjacent to the shoulder. 
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13* The control valve system of Claims 1 or M further 
comprising: 

a sequence valve in communication with the control 
cylinder for selectively directing pressurized fluid to open 
the operator cylinder or to close the operator cylinder* 

14. The control valve system of Claim 13 wherein the 
sequence valve comprises i 

means for monitoring pressure input from a first 
variable pressurized fluid source; 

means for selectively directing fluid flow from the 
first fluid source in response to the pressure input from 
said monitoring means) and 

means for selectively channeling fluid flow from a 
second pressurized fluid source in response to input from 
said directing means in order to open or close the operator 
cylinder, the channeling means communicating with the 
sensing means, the fluid return system and said directing 
means • 
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15 o the control valve systea of Claim 1*! wherein the 
sequence valve" further comprises? 

a housing having first and second pressure inlets in 
cosi&unication with thQ first and second pressure sources 
5 respectively, a ©losing ©ode outlet in coasunication with 
the sensing ©eanSo an opening aode outlet in eoasuni cation 
with the fluid return ays tea and further having a tank 
aperture 0 

wherein the directing seans comprises? 

10 a flow selector cylinder contained within the 

housings the cylinder having a first end and a second ends 
and further communicating with fche first pressure inlet at a 
point prosteatQ to the first end and also at a point along 
its length between the first end and the second end and 

15 further having a tank relief outlet at the second end 0 the 
tank relief outlet eosrauni eating with a first pressure 
outlet and a second pressure outlet and a pressure bypass 
outlets a flow selector piston slidably ©ounted in the flow 
selector cylinder 0 the piston having a first side 

20 corresponding to the first end of the flow selector cylinder 
and a second sfdo corresponding to the second end of the 
flow selector cylinder and further having first and second 
pairs of b@FQS extending therethrough 9 the bores having a 
position and orientation such that movement of the flow 

25 selector piston t® th© first end of the flow selector 
cylindQF aligns thQ first pressuro outlet in co©®unication 
with feh© fipsfe pressure inlet at the point along the length 
of feho flow S0lQ@tor cylinder and the pressure bypass in 
coaauni cation with the second pressure outlet 0 and such that 

30 aoveaent of the flow selector piston to the second end of 
the flow sQla@t@p chafer aligns the second pressure outlet 
in communication with the first pressure inlet at the point 
along the length of tho flow selector cylinder and the first 
pressure outlet in communication with the pressure bypass? 

35 wherein the ©onitoring aeans comprises s 

means for pressure biasing the flow selector piston 
toward the first end of flow. selector cylinder, the piston 
regaining in a biased position near the first end of the 
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flow selector cylinder for a predetermined range of pressure 
of fluid injected into the first pressure inlet and further 
moving to the second end of the flow selector cylinder when 
fluid under a pressure higher than the predetermined range 
is injected; 

and wherein the channeling means comprises: 

a mode selector cylinder having a closing end and 
an opening end and further having a first aperture proximate 
to the closing end and a second aperture proximate to the 
opening end, the cylinder additionally having a pressurized 
source inlet, a drain inlet, an operation outlet 
communicating with the dosing mode outlet of the housing 
and a preparatory outlet communicating with the opening mode 
outlet of the housing, all positioned along the length of 
the mode selector cylinder between the closing end and the 
opening end; and 

a mode selector piston slldably mounted in the mode 
selector cylinder having a closing side corresponding to the 
closing end of the mode selector cylinder and an opening 
side corresponding to the opening end of the mode selector 
cylinder and further having third and fourth pairs of bores 
extending therethrough, the third pair of bores positioned 
such that movement of the mode selector piston to the 
opening end of the mode selector cylinder aligns the 
pressurized source inlet in communication with the operation 
outlet and aligns the drain inlet in communication with the 
preparatory outlet and the fourth pair of bores positioned 
such that movement of the mode selector piston to the 
closing end of the mode selector cylinder aligns the 
pressurized source inlet in communication with the 
preparatory outlet and aligns the drain inlet in 
communication with the operation outlet • 
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16. The control valve system of Claim 15 wherein the 
means for pressure biasing comprises a spring positioned 
between the flow selector piston and the second end of the 
flow selector cylinder, the spring having a spring constant 
sufficient to prevent movement of the flow selector piston 
toward the second end for pressure fluid flow below a 
predetermined pressure. 

17. The apparatus of Claim 1 wherein said sensing means 
comprises a flow diaphragm. 
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18. In a method of reducing fluid capacity requirements 
and installed horsepower requirements of blowout preventers 
having an operator piston and cylinder for opening and 
closing a blowout preventer, the piston and cylinder having 
5 a closing side and an opening side, the steps oft 

(a) injecting fluid on the opening side of the 
operator piston in order to move the operator to an open 
position; 

(b) selectively injecting fluid under pressure through 
10 a sensing means for dropping pressure of flow relatively 

with inoreaaes in flow velocity 9 whereby the pressure of the 
fluid is reduced across the sensing means, to the closing 
side of the operator piston in order to initiate the 
movement of the operator piston to close the blowout 
15 preventer; 

(c) selectively directing the fluid forced from the 
opening side of the operator piston by the movement of the 
operator piston in step (b) to the closing side of the 
operator piston* when the magnitude of the reduction in 

20 pressure is above a predetermined value; and 

(d) redirecting the fluid forced from the opening side 
of the operator piston to discharge to a reservoir when the 
magnitude of the reduction in pressure is below the 
predetermined value* 
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19. The method of Claim 18, characterized during the 
performance of step (a) by injecting fluid into a 
directional flow control system in order to position it in a 
retracted position; then, during the performance of step 
5 (b) 9 injecting the pressurized fluid before it passes 
through the sensing means into the directional flow control 
system 9 so that the directional flow control system is 
selectively set to direct fluid from the opening side of the 
operator piston to the closing side of the operator piston 

10 while simultaneously injecting the pressurized fluid after 
it passes through the sensing means into a switching 
cylinder in order to accommodate the monitoring of the 
pressure reduotion across the sensing means; then, during 
the performance of step (c), directing the fluid forced from 

15 the opening side of the operator piston to the closing side 
of the operator piston by means of the directional flow 
control system until the magnitude of the pressure reduotion 
across the sensing means is below the predetermined value; 
and then, readjusting the directional flow control device to 

20 accommodate the performance of step (d) . 
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20. A sequence valve, comprising: 

means for monitoring pressure input from a first 
variable pressurized fluid source; 

means for selectively directing fluid flow in response 
5 to the pressure input from the first fluid source, the means 
being in communication with the monitoring means; and 

means for selectively channeling fluid flow from a 
second pressurised fluid souroe to a first outlet or a 
second outlet, the channeling means oommunicating with the 
10 fluid flow from the directing means such that it selects the 
direction in which the fluid flow from the second 
pressurized fluid source is channeled. 



» 



21 o The sequence valve of Clai® 20 p further eoaprisiags 
a housing having first and second pressure inlets in 
eosaaunieation with fen© first and second pressure sources 
respectively and first, second and third outlets? 
wherein the directing aeans comprises? 

a flow select©!? cylinder contained within the 
housings the cylinder having a first end and a second end? 
and further ©oasiunieating with the first pressure inlet at a 
point prosicaate t@ the first end and at a point along its 
length between the first end and the second end and further 
having a relief outlet at the second end in eoMunieatien 
with the third outlet,, a first pressure outlet and a second 
pressure outlet and a pressure bypass outlet in 
eosasunication with the relief outlets 

a flow selector piston slidably counted in the flow 
selector cylinder, the piston having a first side 
corresponding to the first end of the flow selector cylinder 
and a second side corresponding to the second end of the 
flow selector cylinder and further having first and second 
pairs of bores extending therethrough, the bores having a 
position and orientation such that eoveiaent of the flow 
selector piston to the first end of the flow selector 
cylinder aligns the first pressure outlet in coasunieati®® 
with the first pressure inlet at the point along the length 
of tho flow' selector cylinder and the pressure bypass in 
eoaasnication with the second pressure outlet, and such that 
soveoeat ©£ the flow selector piston to the second end of 
the flow selector ehasher aligns the second pressure outlet 
in cosaunication with the first pressure inlet at the point 
alorag fe&iQ loagth ®f the flow selector cylinder and the first 
pressure outlet in ©©anunication with the pressure bypass? 
wherein the aonitoring raoaas comprises 8 

oeans for pressure biasing the flow selector piston 
toward the first end of flow selector cylinder, the piston 
regaining in a biased position near the first end of the 
flow selector cylinder for a predetermined range of fluid 
pressures injected into the first pressure inlet and further 
moving to the second end of the flow selector cylinder when 



fluid pressure is higher than the detersinod range § 
and wherein th© channeling ©@ans comprises 8 

a ©ode selector cylinder having a closing actuating 
end and an opening end and further having a first apertt&r© 
proximate fco th© ©losing end and a second aperture proxisata 
t© fete© opening ©ndp th© cylinder additionally having a 
pressurised souro© inlet 0 a drain inlet in cossaunication 
with th© third outlet 0 an operation outlet eo«aun&eating 
with th© first outlet of the housing and a preparatory 
outlet ©©©©unieating with the second outlet of the housing^ 
all positioned along th© length of the ©ode selector 
cylinder between th© ©losing end and the opening end? 

a o@d© selector piston slidably counted in th© B®d© 
selector cylinder having a closing side corresponding to the 
closing end of the B©d© selector cylinder and an opening 
side corresponding t© the opening end of the ©ode selector 
cylinder a&d further having third and fourth pairs of bores 
extending th©r©through<, the third pair of bores positioned 
such that ©©VGiaorafe of the ©ode selector piston to the 
opening end of the ©ode selector cylinder aligns the 
pressurised sour©© inlet in ©©©©unication with the operation 
outlet and aligns the' drain inlet in eoesunieation with the 
preparatory outlet and the fourth pair of bores positioned 
such that o@^?Q©enfe ©f the • saode selector piston to th© 
closing end of the ©ode selector cylinder aligns the 
pressurised sour©© isalefe in ©@n»ani©ati@n with th© 
preparatory outlet and aligns the drain inlet in 
©oseunication with th© operation outlet « 

22 o fho ©octroi valve syste© of Clai© 21 wherein th© 
Beans for- pressure biasing ©oioprises a spring positioned 
between th© flow s©le©t@r piston and the second end of the 
flow selector cylinder 9 the spring having a spring constant 
sufficient to present ©©vesaent of the flow selector piston 
toward the second end for pressure fluid flow below a 
predetermined pressureo 
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23. A flow pressure sensing control valve system 
substantially as described herein with reference to the 
accompanying drawings. 
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